The aim of the study was to evaluate the predictions derived from the Danish Operational Street Pollution Model ( OSPM ) when the input data are obtained by simple methods that could be used in large -scale epidemiological studies. The model calculations were thus compared with passive sampler measurements of nitrogen dioxide and benzene at 103 street locations in Copenhagen, Denmark, and at 101 locations in rural areas. Data on traffic and street configuration were collected by means of a simple registration scheme in which forms were filled out by local municipal authorities. Meteorological data were derived from routine measurements at Copenhagen airport, and data on background air pollution were based on a simple empirical model. Differences in air pollution levels between rural areas and Copenhagen and differences in nitrogen dioxide concentrations at various locations in Copenhagen were well reproduced by the OSPM. The correlation coefficients ( r ) between the measured and the predicted half -year average concentrations of nitrogen dioxide in Copenhagen were between 0.75 and 0.80 for various degrees of precision of the input data for the model. The results indicate that the OSPM used with the presented methods for generation of input data might be useful in assessing long -term exposure to air pollutants in epidemiological studies. Journal of Exposure Analysis and Environmental Epidemiology (2000) 10, 4 ± 14.
Introduction
The adverse health effects of air pollution derived from traffic have been a great concern during the last few decades (Ayres et al., 1973; Stern et al., 1981; Gamble et al., 1987; International Agency for Research on Cancer, 1989; Raaschou -Nielsen et al., 1995; Rudell et al., 1996; Hansen et al., 1998 ) . Ideally, epidemiological studies require detailed information about the exposure of each participant, but the measurements required are usually impossible, very expensive or time -consuming to perform. Alternatively, traffic pollution models can be used to estimate levels of exposure. So far, such models have been used mainly in the context of town and traffic planning and, despite their great potential, only rarely in air pollution epidemiology ( Pershagen et al., 1995; Oosterlee et al., 1996 ) . This may be due to uncertainty about their validity but also because of the difficulty in obtaining the basic information required for running the models. Exploitation of such models in large -scale epidemiological studies therefore depends on the development of simple methods for collecting input data and verification of model results.
Measurements of nitrogen dioxide and benzene at a wide variety of locations in Denmark were used to verify calculations derived from the Danish Operational Street Pollution Model (OSPM ) ( Hertel and Berkowicz, 1989a ) . Previous studies showed good agreement between measured concentrations and those predicted by the OSPM when precise input data were used, including detailed traffic counts and measurements of background concentrations and meteorological conditions close to the street location ( Berkowicz et al., , 1997a .
This study focuses on the possibility of using OSPM in future epidemiological studies, with use of a simple registration scheme to collect information about traffic and street configuration. The significance of the precision of data on street configuration and meteorological conditions was evaluated, and the performance of the model was studied over different averaging times.
Methods

Measurements
Locations and Sampling Periods Nitrogen dioxide (NO 2 ) and benzene were measured at 103 street locations in central Copenhagen, Denmark, and 101 locations in rural areas or small towns ( denoted``rural areas'' in the following ) , 20 ± 50 km outside Copenhagen. The traffic density on the streets ranged from 10 and up to 57,700 vehicles per day in Copenhagen and from 2 and up to 3000 vehicles per day in rural areas.
Seven measurement campaigns covering about 30 locations each were begun in October ± November 1994 and in April± June 1995. During the first week of each 6 -month campaign, the mean concentrations of NO 2 were measured at each location, and the mean concentrations of benzene were measured at a subsample of locations during the 1995 campaigns. At each location, monthly mean concentrations of NO 2 were measured for six consecutive months. Thus, altogether, these measurements covered all seasons and more than a year.
Sampling Methods and Laboratory Analyses
Passive diffusion samplers fixed under a cap of stainless steel were used for all measurements. In Copenhagen, the samplers were placed about 0.5 m from the front of a building and about 4 m above street level. In rural areas the samplers were placed either in a garden or 0.5 m from a facade and about 1.5 m above the ground.
Benzene was sampled by means of Perkin -Elmer diffusive steel tubes containing 200 mg Tenax TA per tube as the adsorbent. The tubes were sealed with Swage -lock fittings before and after exposure. Samples were analyzed by a thermal desorption system coupled to a gas chromatograph with a split dual -column system: one with a flame ionization detector and one with a mass spectrometric detector. One week of exposure corresponded to a detection limit of 0.5 g/m 3 (mean plus 3Âstandard deviation for 20 unexposed tubes); eight measurements below the detection limit were assigned the value 0.25 g/m 3 . On the basis of 14 replicated measurements, the coefficient of variation (standard deviation divided by mean) was estimated to be 26%.
The concentrations of NO 2 during the first week were measured by a badge containing triethanolamine, which absorbs nearly 100% of NO 2 and converts it to nitrite. The nitrite was analyzed on a segmented flow analyzer using Saltzman's reagents, followed by spectrophotometric detection at 540 nm. A 1 -week exposure corresponded to a detection limit of 0.8 g/m 3 and on the basis of six replicated measurements, the coefficient of variation was estimated to be 4%. The method is described by Yanagisawa and Nishimura ( 1982 ) and by Raaschou -Nielsen et al. (1997) .
The mean NO 2 concentrations over 1 month were measured by Palmes tubes (Palmes, 1981 ) , with three exposed and one unexposed (blank ) tubes. The analytical method was identical to that used for the badges. A 1-month exposure corresponded to a detection limit of 0.6 g/m 3 . On the basis of the replicated measurements at all locations, the coefficient of variation was estimated to be 10.5%.
The Model
Operational Street Pollution Model (OSPM ) Traffic pollution at the sites of measurement was calculated from the OSPM, which has been described by Hertel and Berkowicz ( 1989a,b,c ) and Berkowicz et al. ( 1997a,b ) . Only a brief introduction is given here.
In the OSPM, the concentration of pollutants (c ) in the street is calculated as the sum of the concentration caused by local street traffic (street contribution c s ) and the concentration caused by other sources (background contribution c b ), such that
The concentrations are calculated hour by hour as a function of the actual emissions and meteorological conditions. The principle of simple addition expressed in formula (1 ) is valid only for chemically unreactive pollutants; a different method is applied for NO 2 .
The street contribution ( c s ) is calculated as the sum of the direct contribution from traffic and the contribution from recirculation in the street. A plume model describes the direct contribution that depends on the wind speed at street level, which in turn depends on the wind speed at roof level and the height of the houses along the street. The recirculation is due to the creation of a street canyon vortex ( Albrecht, 1933 ) with a wind direction at street level that is opposite to that above roof level. The concentrations of pollutants due to recirculation of car exhaust are calculated from a simple box model, in which ventilation of the``recirculation box'' depends on the wind speed at roof level and the ventilation area; the latter depends on the height of the surrounding buildings and the width of the street.
The formation of a vortex depends on the presence of buildings on the upwind side of the street. Therefore, the combination of orientation of the street, the configuration of the buildings, and the wind direction is important (Berkowicz et al., 1997a ) . Different building configurations can be accounted for in the model by specifying the height of the buildings along the street in specific wind sectors.
In order to calculate NO 2 concentrations, a chemical submodel is used which takes into account the reactions that lead to formation of NO 2 . Only about 5% of the nitrogen oxides in car exhaust is in the form of NO 2 and most occurs as nitric oxide (NO ) . The sum of NO and NO 2 is denoted NO x . The chemical formation of NO 2 in street air is governed by the reaction between NO and ambient ozone (O 3 ), as follows:
where k is a reaction rate coefficient dependent on temperature and J a reaction rate coefficient dependent on solar radiation. The reaction is reversible because NO 2 photodissociates to form NO and O 3 in the presence of solar radiation. In the OSPM, the concentrations of NO 2 are calculated by taking into account the concentration of NO x ( estimated from the dispersion model ), the concentration of O 3 in the background air entering the street, the reaction rate coefficients k and J, and the residence time of car exhaust gases in the street ( Hertel and Berkowicz, 1989b; Berkowicz et al., 1997b ) . The last depends on wind speed and the height of the surrounding buildings. In streets with low or no buildings, the residence time of car exhausts may be short and the reaction between NO and O 3 will produce less NO 2 than in a street with tall buildings. In streets with dense traffic, the amount of O 3 will often limit the formation of NO 2 . The main contribution to the pollution level in streets with low traffic density may be from emissions in a neighboring street. The contribution that comes from such a neighboring street (c ) is calculated from the following simplified line source model,
where Q is the emission rate per unit distance from traffic in the neighboring street, u is the wind speed at roof level and H s is the typical height of the buildings in the area. The term H s +0.1x s is the height to which pollution is dispersed at a distance x s from the street. In this study, only streets within 50 m were taken into account. As a very crude approximation, it was assumed that the distance from a neighboring street to the receptor point was always 50 m, and formula ( 3) was applied regardless of the actual wind direction. OSPM predicts the concentrations on the pavement of the street, by default. When the calculation point was located at distance d from the curb, the following formula was used,
where c edge is the concentration calculated from the OSPM for the pavement location, and H+0.1d accounts for additional dilution over the distance d from the street. H is the height of the buildings along the street. It must be emphasized that this method is very simple and may not be appropriate for all distances and building configurations.
Input Data for the OSPM
The model requires input data about (1) traffic and emissions in the street, (2) street and building configuration, (3) meteorological data and (4) background pollution. The first two were derived from a registration scheme, in which the relevant municipal office and authorities for each location in this study were asked to provide the required information from traffic counts, maps, local knowledge and judgements. The registration scheme and the methods used for preprocessing the information obtained is described in detail by Vignati et al. (1997) , and the background pollution modelling by Jensen (1998) . Only an outline of the methods is given here.
Traffic and Emissions
The registration scheme provided the following information about the traffic at the measurement site: (1) traffic density (average daily traffic); (2 ) proportion of heavy ( greater than 3.5 ton ) vehicles, divided into four intervals; (3 ) average driving speed, divided into five intervals and (4 ) traffic density on cross or parallel streets within 50 m of the site, with five intervals. The last question was omitted if the traffic density at the site exceeded the traffic density at cross or parallel streets.
As the OSPM requires hourly data on traffic, average daily traffic was distributed according to default diurnal traffic profiles (Jensen, 1997 ) . Standard diurnal variation in the percentage of cold starts was also included.
Hourly traffic emissions of NO x and benzene were derived from traffic flow (vehicles per hour ) and vehiclespecific emission factors (grams per kilometer ). The emission factors for NO x were based on the results of a Danish study ( Miljùstyrelsen, 1991 ) , whereas those for benzene were deduced from analyses of measurements at a monitoring station in Copenhagen ( Palmgren et al., 1995 ) . The introduction of catalytic converters in the Danish car fleet has influenced emission factors; therefore, the proportion of cars with catalytic converters was derived from car sale statistics ( 1994: 25%; 1995: 30% ) . The effect of traffic speed was taken from the Norwegian traffic model VLUFT (Torp et al., 1995 ) . Data on historical changes in emission factors (1960 ± 1995 ) , to facilitate calculations for the past, were provided by the Danish Technical University ( S. Sorensen, personal communication ) .
Street Configuration
The site at which the concentration of pollution was estimated in the OSPM was defined as outside the front door of a particular address. The street was characterized on the basis of information about (1 ) the type of street: municipal or private, or county or state and (2 ) the street and building configuration, with five street categories, ranging from a few houses on an open street to tall buildings on both sides of the street (Table 1 ) , based on the categories in the Dutch street pollution model CAR ( Eerens et al., 1993 ) . The registration scheme provided information about the distance between the facade of the house and the opposite curb or, when there were buildings on both sides, the distance between the building facades. For street canyons, the street width was considered to be the distance between the building facades given in the registration scheme. For the other street categories, the street width was estimated from the information about traffic density ( Jensen, 1997 ) . The registration scheme also provided information about the height of the building at the address. We used assumptions about the height and the width of the other buildings and used geometrical considerations to calculate wind sectors for different building heights in various types of street categories (Vignati et al., 1997 ) .
For all addresses, it was arbitrarily assumed that the street was orientated north ± south and that the calculation point was on the west side of the street. Furthermore, for all addresses, only 50 m of the street in both directions from the calculation point was taken into account.
To test the sensitivity of model predictions to the precision of data on street configuration, a more precise but time -consuming method (in the following denoted`d etailed method'' ) was used to gain information about the street configuration at the sites of measurement in Copenhagen. Maps and observations about the locations were used to obtain information about the actual orientation of the street, the location of the measurement point, the length of the street in both directions from the receptor point, the street width, sectors with no buildings, and the distance to proximate streets ( if any ) with dense traffic. Subsequently, input data based on the registration scheme was replaced by this information and the OSPM calculations were repeated. In the rural areas, in which the street contribution was small compared to the background contribution, only the method based on the registration scheme was used.
Meteorological Conditions Hourly observations of wind speed, wind direction, global radiation and temperature for 1994 and 1995 were obtained from Copenhagen Airport, located about 8 km from the center of Copenhagen, and used in the model calculations. Global radiation, which was used to calculate photodissociation of NO 2 , was inferred from routine cloud cover data using the relationships given by Nielsen et al. (1981 ) .
Meteorological data for the relevant years will not be available for most retrospective epidemiological studies. Data for another year used as a standard would be roughly correct with regard to seasonal changes, but might be wrong for day -to -day variation. In the present study, we repeated the OSPM calculations using meteorological data for 1994 as a substitute for 1995 and vice versa, in order to test the effect of using meteorological data from another year.
Background Pollution Measurements of background pollution were not available near all the addresses in this study. Therefore, an empirical background model was developed in which NO x and carbon monoxide (CO ) concentrations measured during 1994 and 1995 at a monitoring station in Copenhagen ( roof level ) and NO 2 and O 3 concentrations measured during the same period at monitoring stations in rural areas were used ( Jensen, 1998 ) . The rural background concentrations of NO 2 and O 3 (hour by hour ) were calculated from the measured 2-year average concentrations multiplied by predefined factors for seasonal and diurnal variation; urban NO x concentrations ( hour by hour ) were calculated in a similar way. The 2-year average NO x concentration for urban locations other than Copenhagen was calculated from the value measured in Copenhagen multiplied by a reduction factor that corresponded to the population size of the urban location in question (Jensen, 1998 ) . Background concentrations of CO in urban areas were estimated by the same method as applied for NO x whereas rural background concentrations of CO were assumed to be 50% of the background level in Copenhagen.
For rural locations, the hourly concentrations of NO x were calculated on the assumption of a photochemical equilibrium between NO, NO 2 and O 3 ( reaction (2 ) ). The background concentrations of NO 2 and O 3 in urban areas were calculated using a procedure similar to that for calculating NO 2 in streets (Hertel and Berkowicz, 1989b ) but with the residence time determined by the size of the city area and the wind speed ( Hertel and Berkowicz, 1990) . The driving parameters in this process are the rural concentrations of O 3 and NO 2 drifting over the city and reacting with urban background NO x . The background concentrations of benzene at rural and urban locations were calculated from the empirical relationship between benzene and CO found in a busy street in Copenhagen.
The measurements of this study indicated that the contribution of a city to the urban background concentration declines with distance from the city center (Figure 1 ) . An exponential fit to the data reveals a dependency that corresponds to the equation: concentration ( g/m 3 ) = 25.4 exp ( À 0.39Âdistance (km ) ). Although the function was found for NO 2 , the same dependency is assumed to be valid for NO x . The following formula was used to calculate the urban background concentration with respect to distance from the city center:
where [ NO x ] c is the contribution of the city to the urban background in the center of the city and [NO x ] rb is the rural contribution, d is the distance to the city center and R is the radius of the city ( which is approximately 4 km for Copenhagen ) . The introduction of R into the exponential decay factor is based on the assumption that the decline in background concentrations with distance from the center is faster for smaller than for larger urban areas; however, no experimental justification for this assumption can be given presently.
Calculations
Average concentrations corresponding to the period of measurements were computed with the OSPM for each location. The half -year average concentrations for each location were calculated as the time -weighted average of six consecutive monthly mean measurements. Scatterplots and Pearson's correlation coefficients ( r) were used to evaluate the associations between calculated and measured concentrations. Correlation coefficients were calculated separately for urban and rural locations and were based on values transformed by the natural logarithm.
Results
We present the results of our assessments of the performance and sensitivity of the model with respect to the length of the averaging period, the precision of input data on street and building configuration and the meteorological data used for the calculations. Moreover, model performance for NO 2 and benzene are compared. Finally, traffic density as an indicator of air quality is compared with the results of the model.
Time Required to Collect Data
The Danish municipal employees used about 20 min per address to fill in the registration scheme with input data about traffic, configuration of the street and buildings, the number of inhabitants in the city and the distance from the city center. In addition, it took time to provide and process data about meteorological conditions and background air pollution levels. Much less time was required to run the OSPM than to make the measurements at the addresses.
Length of the Averaging Period
For locations in Copenhagen, the correlation between predicted and measured concentrations was much stronger for half -year values (r between 0.75 and 0.80) than for monthly mean values ( r between 0.61 and 0.68) , whereas in the rural areas the correlation was weaker for the halfyear values ( r= 0.70 ) than for monthly mean values Figure 1 . Dependency of the contribution of the city to background NO 2 concentrations ( g / m 3 ) in Copenhagen on distance from the city center. The figure is based on monthly mean measurements at locations with a daily average traffic of 1000 vehicles or fewer, and no streets with more than 5000 vehicles per day within 50 m. Rural background concentrations measured simultaneously were subtracted.
( r= 0.76) ( Table 2 ) . Moreover, Figure 2 shows much smaller variation in measurements for a given predicted half -year value than for a given predicted monthly mean value, thus, indicating more precise model predictions for long -term averages. Tables 2 and 3 show a consistent pattern in Copenhagen of stronger correlations when the input data on street configuration were obtained by the detailed method and when the actual meteorological data were used in the calculations. In rural areas, the use of meteorological data from another year had no effect on the correlations. Figure 3 shows plots of modelled versus measured concentrations for NO 2 (N = 203) and benzene (N = 128 ). Table 3 shows a similar degree of correlation between predicted and measured values for NO 2 and benzene for locations in Copenhagen. In rural areas, when all measurements were considered, the correlations for NO 2 were much stronger than for benzene. However, NO 2 was measured during seven different weeks in October, November, April, May and June, whereas benzene was measured only during April, May and June. When only data from locations where simultaneous measurements were made of NO 2 and benzene (N = 127 ) were considered, the range of the background NO 2 concentrations was reduced significantly, thus lowering the correlation coefficient dramatically in rural areas. As a result, the correlations were similar for NO 2 and benzene in rural areas as well: the predicted and measured concentrations were almost uncorrelated for both pollutants. Tables 2 and 3 show that the measurements of NO 2 and benzene in Copenhagen were stronger correlated with predicted concentrations than with traffic density. This was true even when the least precise input data were used. Moreover, the 1-week measurements (Table 3 ) indicate that the correlation with traffic is stronger for benzene than for NO 2 .
Precision of Input Data on Street Configuration and Meteorological Conditions
One -Week Mean Concentrations of NO 2 and Benzene
Traffic Density as an Indicator of Air Pollution Levels
In rural areas, where local traffic makes a negligible contribution to air pollution, the measured concentrations were not correlated with traffic density.
Systematic Differences between Predicted and Measured Values
We have hitherto focused on the correlation between predicted and measured concentrations, without considering any systematic differences between the two variables. Figures 2 and 3 indicate that the predicted values in general tended to be higher than the measured ones. This is confirmed in Table 4 , which shows higher predicted mean values.
Discussion
Length of the Averaging Period
There may be several explanations for the stronger correlation for half -year averages in Copenhagen. Any model uncertainty or random measurement error would tend to weaken the correlation between predicted and measured values. Model uncertainties could be due to either limitations in the descriptions of various physical and chemical processes or to imprecise input data on, e.g., street configuration, traffic density or meteorological conditions. Such uncertainties will draw the predictions in different directions under different conditions (of, e.g., wind direction and wind speed ), and over-and underestimates of short -term values will tend to equal out when longer averaging periods are considered. Vignati et al. ( 1997 ) demonstrated that model results for short -term mean concentrations were much more affected by improper input data than were long -term predictions. Similarly, random measurement errors diminish when several measurements are averaged. Systematic errors associated with the model or the measurements will not diminish similarly.
The weaker correlation for half -year values for the rural locations is probably due to the significantly lower variation for the half -year than for the monthly mean concentrations. The absence of traffic and other major local sources of NO 2 reduces the variation between locations to a minimum and makes seasonal ( month -to -month ) changes in background concentrations the major source of variation. Calculating half -year average concentrations from six consecutive monthly mean values will therefore tend to smooth out the variation. It is noteworthy that the weaker correlation does not imply less precise model predictions.
Information about the significance of the averaging period extracted from comparisons with the 1-week mean measurements should be treated with caution, because those measurements were performed during other periods than the monthly mean measurements.
One -Week Mean Concentrations of NO 2 and Benzene
Despite the similar correlations between the measured and predicted concentrations of benzene and NO 2 , the model performance for the two pollutants is not necessarily similar in general. First, vehicle emissions of benzene depend much more than emissions of NO x ( the precursor for NO 2 ) on driving conditions, consequently greater uncertainty can be expected in benzene emissions when rough estimates of driving speed are used, as in this study. Secondly, owing to the nonlinear relationship between NO 2 and NO x concentrations ( Berkowicz et al., 1997a ) , the uncertainties related to dispersion modelling decrease in importance at high concentrations of NO x , whereas those related to estimated O 3 concentrations increase in importance. Factors related to chemical reactions are irrelevant for the relatively inactive benzene. Thirdly, contributions from other sources than traffic may be different for benzene and for NO 2 . In urban areas with dense traffic, other sources are normally of limited importance for both pollutants, whereas in rural areas local sources can contribute significantly. Finally, it should be noted that the measurement uncertainty was substantially higher for benzene than for NO 2 and that measuring benzene with a similarly low uncertainty would tend to increase the observed correlation between the measured and predicted concentrations of benzene.
Traffic Density as an Indicator of Pollution Levels Several epidemiological studies have used traffic density as a surrogate measure for traffic-related air pollution at residential addresses (Savitz and Feingold, 1989; Wjst et al., 1993; Duhme et al., 1996; Brunekreef et al., 1997 ) . Use of this measure is certainly a simpler, less time -consuming method for assessing exposure than performing calculations with street pollution models. However, the results of this study showed that calculated concentrations correlated stronger than traffic density with measurements of NO 2 and benzene. Therefore, we would expect that the use of calculated concentrations in stead of traffic density would reduce the misclassification of the exposure. Traffic density correlated stronger with measurements of benzene than with those of NO 2 . The main reason for this difference is that benzene is a primary air pollutant from the traffic and NO 2 mainly a secondary one, and primary air pollutants can be expected to correlate better with traffic ( their direct source ) than secondary pollutants.
Systematic Differences between Predicted and Measured Values
The systematic differences between predicted and measured values could be due to deficiencies in either the model parameterization, the measurements (e.g., the calibration ) or both. Although limited agreement between the predicted and measured concentrations would be crucial if the predictions were used to evaluate violations of threshold values, the strength of the correlation ( not the agreement ) would be the major concern in an epidemiological context.
Use of the OSPM in Epidemiological Studies
Exposure assessment poses a major challenge in the epidemiology of air pollution. Three alternative approaches to traffic -related air pollution are measurements of air pollution, traffic counts and calculation of concentrations from models. Apart from the constrains imposed by the available resources, the best choice is the method that provides the lowest degree of misclassification of the exposure. In epidemiological studies, nondifferential misclassification of exposure may bias a truly elevated relative risk towards the neutral value and decrease the statistical power of the study. A larger sample size can compensate only for the lower statistical power.
Measurement of air pollution is the best method for assessing exposure, if the measurements are made at relevant locations during relevant time periods and with an appropriate method. In many situations, however, these conditions are not met. Rare diseases, like many cancers, are often studied in a retrospective case ± control design, and, obviously, measurements cannot be performed in the past. The alternative epidemiological design for studies of rare diseases is large prospective cohort studies, in which the number of individuals and the many years of follow -up usually make measurements of individual exposure impossible. In such studies, exposure can be assessed from long -term average concentrations at fixed -site monitors (Dockery et al., 1993; Beeson et al., 1998) . In this approach, it is assumed that the levels of air pollution at the monitoring station represents the exposure of all individuals living in the area. The degree of misclassification with this approach is a concern (Katsouyanni and Pershagen, 1997 ) .
Traffic density is a nonspecific indicator of the complex mixture of traffic-related air pollution and has often been used as a surrogate of exposure because the method is simple and can be used retrospectively for individual addresses and because traffic is the main source of ambient air pollution in many cities. The potential misclassification of the exposure is, however, a great concern because other factors than traffic, e.g., street width, building heights and the background level, influence the concentrations of air pollutants. Moreover, the method offers no choice between long -term averages and peak values for expressing these concentrations.
This study shows that calculations made with the OSPM correlate better than traffic density with measurements of NO 2 and benzene. Therefore, the model is an improvement over the use of traffic density for exposure assessment in epidemiological studies when actual measurements cannot be made. The OSPM can be used to calculate air pollution hour by hour and therefore provides both peak and longterm average concentrations; however, the uncertainty of the calculations is greater for short -term than for long -term averages, and the model might be most suitable for studies of diseases that are attributed to long -term mean concentrations. As the model reflects only air pollution from the traffic, its use should be restricted to locations where traffic is the dominant source of air pollution. It should also be noted that street pollution models predict concentrations in the streets Ð not personal exposure. The association between predicted street concentrations and the personal exposures of individuals living inside dwellings on the street have not yet been addressed.
Conclusions
This study shows that the differences in air pollution concentrations between urban areas with dense traffic and rural areas without dense traffic were well reproduced in the model. The model reproduced variation in measurements within rural areas due to seasonal changes in background concentrations but could not reproduce minor differences between locations. In urban areas, where traffic is the major source of ambient air pollution, the predicted concentrations showed quite strong correlations with measured concentrations for long -term average concentrations, even when imprecise input data were used.
Moreover, the study shows that the model predictions for NO 2 and benzene, even when the crudest input data are used, correlate stronger than traffic density with measurements.
Altogether, the results indicate that the OSPM could be useful in assessing long -term average exposure in epidemiological studies of air pollution.
